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, icci.iss 01' chi: .~:atw-a21y 0cc1.11"rinp I j ~ ~ c t ~ r i a L  spore p ~ p u l a t i  f n f rc1",~17;ie 
A<cnv. ,.Lt - .iy -4 soil krerc; continued, As repci r tcd Lusi; qus"cer,  t h e  exz;ine%:on 
of Td':e --o-\/11:siion ( ~ ~ ~ 5 3  x  LO^+ snores  pcr ~tri?) when ex2osect to 125 (: 
was 'ueyor:c, 16, 113-,  P.d(jit.ioil3.l preiir$nL~r atCer,n.pts "c ddcterr,iiic Crie 125 f2 
e;iu ~ o i n t  c.6 2i* wid 30 hi. -irdre irl ,~sueecssful,  !all. h r ~ t h  tubes  i n t o  which 
hen tcu  strips were placed (~$3 31) vere pcsitive f o r  zrowth wLthin 5 d q s  
of incubat ion  at 32 C, An equal n~un'fier of minoc l i l a t ed  control. s t r i p s  
includcd i n  each run remained negat ive  a f t e r  5 days of incubat ion ,  , 
A f t e r  48 h r  of hea t ing ,  hovever, 30 s t r i p s  and 30 uninoculated con t ro l s  
were a11  negat ive  f o r  growth a f t e r  3, week of incubat ion .  An FN-PfiPIZ 
t e s t i n g  system (QR 26) was t h e r e f o r e  designed accordingly,  S i x t y  inocu- 
l a t e d  s t r i p s  m d  60 con t ro l  s t r i p s  were suspended i n  t h e  oven and 10  of 
each were removed at L,5-hr i n t e r v a l s  ou t  t o  48 h r ,  A s  s t r i p s  were 
removed and cooledB they  were p laced  i n  tubes  of "TSA bro th"  p lus  0.1% 
s o l u b l e  s t a r c h  and 0,2$ y e a s t  e x t r a c t  (QX 26) and incubated f o r  1 week 
a t  32 C. A l l  c o n t r o l  s t r i p s  were nega t ive  and t h e  number of p o s i t i v e  
tubes p e r  r e p l i c a t e  of 10 at each hez;t;ing in te rva l -  was as fol lows:  
The average DL25c value a s  determined by t h e  Stumbo, Murphy, Cochrme 
method descr ibed  by Pflug and Schmidt (QR 26) was 8,9 hr .  P o s i t i v e  tubes 
were s t r e a k e d  onto  Trypt icase  Soy Agar (TSA). AIL i s o l a t e s  were 
Gram-positive sporeforming rods ,  
Figure 1 s h o t ~ s  t h e  composite r e s u l t s  of  two s e r i e s  of experiments. The 
f i r s t  was a p l a t i n g  of v i a b l e  su rv ivo r s  out t o  4 h r  maximum hea t ing  t ime 
a t  125 C ( &R 31).  The second was a simi3.ar experiment wi th  a  maxi~um 
hea t ing  time of 9 hr .  I n  t h e  0-4 h r  runs ,  f o u r  s t r i p s  were suspended at 
each i n t e r v a l  on each of 3 days. The 0-9 h r  runs were s i m i l a r  except  
t h a t  f i v e  s t r i p s  were suspended at each i n t e r v a l  on each of 3 days, The 
f i g u r e  shows t h e  averaces of d u p l i c a t e  p l a t i n g s  of' each s t r i p  a t  each 
i n t e r v a l ,  The zero  and 4-hr i n t e r v a l s  are overlappings of  t h e  two experi-  
ments, and parentheses  i n d i c a t e  an a d d i t i o n a l  p l a t e  cou?lt average at 
t h a t  d a t a  p o i n t ,  The D125C va lue  der ived  from a l i n e  b e s t  f i t  t o  t h e  
average vaLue at each i n t e r v a l  (exc luding  was 13-9 hr.  
A f t e r  observ ing  t h e  obvious t a i l i n g  of t h e  su rv ivo r  curve,  it was 
decided t o  i n v e s t i g a t e  t h e  p o s s i b l e  p r o t e c t i v e  e f f e c t s  of t h e  s o i l  par- 
t i c l e s  involvedd A second sarcple of s o i l  was c o l l e c t e d  a " c ~ e n n w  Space 
Center (SC)  a t t h e  same loca t ions  a s  %he ini"ca.1 sarnple (Q,R 31), This  
s o i l  was t rea ted  i n  t h e  sme  maiiner crs; t h e  S i r s t  except  t h a t  i l r  wer passed 
tnrcl:l;.a t : ; ~  sieve s e r i e s  i n  a cl.oi,plel,tly iSvj s t a l e ,  ake rcatesiaj. vv:,,ick 
:-i?sseC "c;.ro~l-i;h t he  ~r3-aicron screer;  %it,& a cons is teacy  3iriiLcs %O ;;zL?~cL'I, 
ogr ? -.- 
, , +  ;:~;.ee 0,6-i?,. portion:: of tkis ciinst were s te r i l i ze&--one  i,, c, 
convent ioaa i  <iry sir oven (175 C g  3 i jr)  t h e  second i n  an nutocLave 
(121 6 ,  20 r , ; in) ,  and Lhe t h i r d  by e thylene  oxide ( ~ I : T O ~  (100 P, 145% Rdi i , ,  
11;; zr-lG irA Frcon, 10 p s i ,  16 hi-), The t h r e e  srmples ,  each esnLaincd i n  
arr open 25 x l25-rim screw capped tube ,  were allowed t o  s t and  a t  room 
temperature i n  a h o r i z o n t a l  Laminar flow c lean  bench f o r  2  days p r i o r  t o  
t h e  add i t i on  of d-vd Bac i l l u s  s u b t i l i s  v m ,  n i g e r  spores  (BGSSI~--~O,  G3 25) 
i n  95% ethtxrol (20 m l  o f  spores  p e r  m i l ~ i l i t e r )  , The r e s u l t i n g  
suspensions had approximately t h e  same s o i l  and spore  concent ra t ions  8 s  
t h e  o r i g i n a l  suspension (QR 31) ,  Heat s t u d i e s  of  each suspension were 
conducted i n  t h e  usua i  manner, employing f o u r  s t r i p s  a t  each i n t e r v a l  
on each of 3  days. In  p a r a l l e l  wi th  t h e  l3-* s t l b t i l i s  var ,  _niqer p lus  each 
s o i l ,  a? equa l  number of s t r i p s  i nocu la t ed  wl th  a corresponaing d i l u t i o n  
o r  t he  spores  wi thout  s o i l  were assayed as c o n t r o l s ,  Figures  2,3,  and 4 
show t h e  r e s u l t s .  I nd ica t ed  a r e  t h e  means, rmC;es o f  p l a t e  counts ,  
b e s t  f i t  l i n e s  ( i gnor ing  h',) and DLPSC values  of  each system. Perhcps 
t h e  nos t  s t r i k i n g  observat ion of F ~ g u r e s  2  and 3 i s  t h e  r e l a t i v e l y  
narrow p l a t e  count ranges of t h e  sgore-soiL s y s t e m  as compared with 
those  of  t h e  e thano l  cont ro ls .  During t h e  inocu la t ion  procedure, each 
tube  of spo re - so i l  suspension contained a small magnetic s t i r  b a r ,  Each 
tube  was insonated  f o r  12 n in  p r i o r  t o  i nocu la t ion  and was kept  on a 
.mz?gnetic mixer between f i l l i n g s  of t h e  O . L m l  Eppendorf p i p e t t e .  This  
was necessary i n  o rde r  t o  maintain a homogeneous suspension of s o i l ,  I n  
c o n t r a s t ,  t h e  spores  i n  e thano l  were insonated  and vortexed, Ten s t r i p s  
Irere i nocu la t ed  and t h e  tube  was revor texed  be fo re  i n o c u l a t i n g  t h e  next  
10 s t r i p s .  The cons tan t  a g i t a t i o n  of t h e  spores  wi th  s o i l  pro'Dably 
r e s u l t e d  i n  more uniform depos i t ion  and t h e r e f o r e  t h e  n w r o v e r  p l a t e  
count ranges,  I n  both  t h e  dnj-heated and autoclaved s o i l  systems, a  
s l i g h t  shoulder  was observed during t h e  f i r s t  40 min of hea t ing ,  The 
s o i l  p a r t i c l e s  may have been o f f e r i n g  a s m a l l  amount of p r o t e c t i o n  t o  
t h e  spo res ,  perhaps changing t h e  come-up t ime of t h e  s t r i p s  o r  r e t a i n i n g  
moisture,  thereby  accounting f o r  t h e  s l i g h t l y  h igher  D-values, S t a t i s t i c a l  
a n a l y s i s  of t h e s e  d a t a  has n o t  y e t  been completed, t h e r e f o r e  no s t a t e -  
ment can be  made a s  t o  t h e  s i g n i f i c a n c e  of t h e  i n d i c a t e d  D-values. The 
c o n t r o l  values and added s o i l  values i n  both  systems a r e  very similar, 
hojrever, and t h e  s o i l  p a r t i c l e s  seem t o  be  con t r ibu t ing  very l i t t l e ,  if 
any, p r o t e c t i o n .  
ResuLts from h e a t  s t u d i e s  of t h e  spores  p l u s  t h e  e thylene  o x i d e - s t e r i l i z e d  
s o i l  and t h e  corresponding c o n t r o l  a r e  shown i n  F igure  4, No e q l m a t i o n  
can be given at t h i s  t ime t o  account f o r  t h e  D125c value of t h e  EYO- 
s t e r i l i z e d  s o i l  system be ing  over  twice t h a t  of t h e  c o n t r o l  va lue ,  l a e n  
coxpareti "to t h e  s o i l s  s t e r i l i z e d ,  by t'ne o the r  two  :nethodsI t h e  ST0 has  
apparent ly  added something t o  t h e  s o i l  thereby  p r o t e c t i n g  t h e  spo res ,  o r  
e l s c  t h e  dry h e a t i n g  and autocl&ving hme a l t e r e d  some p r o t e c t i v e  rnecha~ism 
of the s o i l ,  I n v e s t i g a t i o n  of t h i s  phenomenon w i l l  cont inue,  
c,>r  ;-c;ci.atcr~y have ini ic: iLed Lbiz",i;."o? cri:fec stoosa~c of  , 3 ,  si:b-i;i 3 :-> v;,r, 
- 
n i r c r  --d S~OTCS IC 95;; c th~ i i i o l  or i n  ~.i'titca- does n o " c a i " f e c " c ' n c a ~ ~ x i c e ,  
.lowever, to exz;..,ine t h i s  pos s l b i  lity' when dea l ing  with n a t u r a l l y  occ:ur- 
rin,; sgc;res, poi-tionr; of -thc c ~ ~ ; ~ a L c t e l j i  d i " j ~ - - ~ ~ r o ~ e s S C 1  ILl  s o i l  -evere s:i;-- 
pended sepnra t e ly  i n  f i l t e r - s t e r i l i z e d  95% e thano l  and i n  s t e r i l e  de isn ized  
d i s t i l l e d  water,  S t r i p s  t re re  inoculated and hea%processed i n  t he  same 
mmcer as t h e  previous experimcnts.  Figure 5 shows t h c  r e s u l t s  when 
e thmol-  and water-suspended s o i l s  were run i n  p a r a l l e l  on each of 3 days. 
The surv ivor  curves wcre equ iva l en t  and e s s e n t i a l l y  pajralleLed t h e  sur- t 
vivor  curve obtained wi th  t h e  o r i g i n a l  suspension CQH 31). 
From t h e s e  observa t ionss  it was concluded t h a t  t h e  r e l a t i v e l y  high b j  
hca t  r e s i s t a n c e  of t h e  n a t u r a l l y  occurr ing  spore popula t ion  i s  due p r i -  
mari ly  t o  i n t r i n s i c  c h a r a c t e r i s t i c s  of t h e  spores  themsebves and n o t  t o  
p ro t ec t ion  by t h e  s o i l  o r  by suspension i n  ethanol,, 
During t h e  next  q u a r t e r ,  a d d i t i o n a l  i n v e s t i g a t i o n s  of  t h e  s o i l  inoculura 
w i l l  inc lude  i s o l a t i o n ,  i d e n t i f i c a t i o n ,  subcul tured  spore p repa ra t ion  and 
subsequent dry-heat-resis tance t e s t i n g  of su rv ivo r s  from t h e  l a t t e r  
po r t ions  of  t h e  curve, I n  add i t i on ,  t h e  cycle  v e r i f i o a t i o n  t e s t s  a t  YSC 
(QR 30) w i l l  be  i n i t i a t e d  a f t e r  prel iminary equipment checkout, 
2. A t  t he  Spacecraf t  S t e r i l i z a t i o n  Technology Seminar i n  'vJilliamsburg, Va . ,  
D r ,  John Brewer poin ted  out  t h e  p o s s i b i l i t y  t h a t  t h e  n a t u r a l l y  occurr ing  
spore  inoculum from KSC s o i l  (Q,R 31) may conta in  h i ~ h  numbers of thermophil ic  
organisms. Dupl ica te  s t a i n l e s s  s t e e l  s t r i p s  were inocu la t ed  and pro- 
cessed i n  t h e  u s u a l  manner t o  ob ta in  an No value,  Dupl ica te  ci i lut ions 
from each s t r i p  were incubated f o r  1 week a t  t h e  fo l lowing  temperatures: 
25 C ,  35 C, 45 C and 60 C ,  Average spore concent ra t ions  obtained from 4 t h e  10-3 d i l u t i o n s  a t  t h e  f i r s t  t h r e e  incubat ion  temgeratures  were 4.6 x LO , 
3.6 x  l o 4 ,  and 3.4 x  l o 4 ,  r e spec t ive ly .  One week of incubat ion  a t  60 C 
r e s u l t e d  i n  averages of 5 and 2 co lonies  at t h e  10"~ and 10-3 d i l u t i o n s ,  
r e spec t ive ly .  D u r i n ~  t h e  next  q u a r t e r ,  incubat ion  temperature s t u d i e s  
w i l l  be  conducted us ing  hea t - in jured  spores  from t h i s  inoculum, 
. Stud ie s  were continued t o  determine i f  microbio logica l  a i r  sampling i n  
s p a c e c r a f t  assembly a reas  can be used t o  e s t ima te  n w b e r s  and types of  
microorganisms on s p a c e c r a f t  su r f aces ,  Experimental work concent ra ted  
s p e c i f i c a l l y  on t h e  zembrane f i l t e r  f i e l d  monitor because i t s  smal l  s i z e  
and ease  of opera t ion  were colzsidered d e s i r a b l e  c h a r a c t e r i s t i c s  f o r  air  
sampling i n  and around s p a c e c r a f t ,  
A b a s i c  quest ion was whether a i rborne  v i ab le  p a r t i c l e s  cons i s t ed  of 
sixilar numbers and types of mic roo rg r~ i sms  a s  v i a b l e  p a r t i c l e s  found on 
s u r f i x e s ,  To i n v e s t i g a t e  t h i s  ques t ion  s t e r i l e  s t a i n l e s s  s t e e l  s t r i p s  
(60 p e r  t r a y )  were exposed t o  envi ronmentd  o o n t d n a t i o n ,  % ~ e l v e  
s t r i p s  were r e t r i e v e d  a"6ntervaLs between 5 a d  L7' days of e q o s u r e ,  
- .  
.- j.i;r5.3-, T I C S - ~ ~  7713ccCL in s~;)a~fc2tie ~ ~ C T ) O L J Y C ~ ~  (IISA pSrat3al;~s w d   hi: si;&-i?r,s . A < &  
T+:c.rcw tnrn overl:.;ic, t r i i , l a  TSA, The. rcnalninir: s i x  s t r i p s  were placer2 iri 
cci: o^ si. s*,crj?r  250-::I E r l e n r c y c r  f lasks con"c;,ininc 5G ;~1 o f  :;?;es*ile 
s c r _ a & n ~ - i ~  r i n s c  sok~1iliti61; i;id i n ~ o , ? ~ t e i i .  fo r  2 min, Thc e n t i r e  $0 ;:,L xaa 
p l c L t e i l  ~ic,: TC, n , j  GL" double s " L v e n ~ l n  'SSA, All mcml)ra;.?e f i l t e r  air 
sa-,pies Irere coLLccted on D rranifold which he ld  s i x  f i e l d  rr,onlJicrs ( 9 ~  311, 
-- 
,iicn f i l t e r  sm.yled a t  a flow r a t e  of 113 CFb3 f o r  a pe r iod  of 30 min, 
After saxpl ing ,  t h r e e  f i l t e r s  from ecch manifold were p laced  d i r e c W y  
onto  t h e  su r f aces  of TSA p l a t e s  and t h e  remaining t h r e e  f i l t e r s  were 
placed face down i n  each of t h r e e  s t e r i l e  600-ril beakers  conta in ing  
50 a1 of  s t candad  r i n s e  s o l u t i o n ,  Tnese beakers  were insonated  f o r  2 min, 
a d  t h e  e n t i r e  50-ml po r t ion  was plaJced wi th  50 mL of doubLe s t r e n g t h  
TSA, Insonated s t a i n l e s s  s t e e l  s t r i p s  and membrane f i l t e r s  were p l a t e d  
t o  a s c e r t a i n  complete removal of microorganisms from t h e i r  su r f aces ,  ALL 
p l c t e s  v e r c  counted a f t e r  24,  48, and "(2 h r  incubat ion  at  35 C. Table l 
sl~osrs t h e  r e s u l t s  ob ta ined  from t h e  s t a i n l e s s  s t r i p s  and a ir  sampling 
cxper inents  conducted i n  t h e  laborato,ry a r ea ,  The mean number of micro- 
organisms per  v i a b l e  p a r t i c l e  found on t h e  s t r i p s  was approximately twice  
t h a t  f o m d  on t h e  membrane f i l t e r s ,  Tnis d i f f e r e n c e  was s t a t i s t i c a l l y  
s i g n i f i c a n t ,  Table 2 shows t h e  r e s u l t s  of t h e  same sarr.glin(r; procedures 
performed i n  t h e  Manned Spacecraf t  Operations Bui ld ing  (MSOB) . The mean 
number of microorganisms per  v i a b l e  p a r t i c l e  c o l l e c t e d  on f i l t e r s  was 
corngarable t o  t h e  mean on s t a i n l e s s  s t e e l  s t r i p s  i n  t h i s  l oca t ion .  Hov- 
eve r ,  it was ev ident  from observa t ion  of t h e  day-by-day r e s u l t s ,  as w e l l  
a s  t h e  high c o e f f i c i e n t s  of v a r i a t i o n  a s soc i a t ed  wi th  t h e  rneans i n  both 
l o c a t i o n s ,  t h a t  e s t r e n e  v a r i a t i o n  w a s  i nhe ren t  i n  t h e  parameter t h a t  was 
meesured, Whcn v a r i a t i o n  of  t h i s  magnitude e x i s t s  s t a t i s t i c a l  t e s t s  f o r  
s i g n i f i c a q t  d i f f e r e n c e s  a r e  of quest ion8ble value. Accordingly, t h e  f a c t  
t h a t  t h e  n e a s  were comparable i n  t h e  MSOB and d i f f e r e d  by a f a c t o r  of  
t-do i n  t h e  l abo ra to ry  was understandable when compared, f o r  i n s t a n c e ,  
~ f r i t h  an 18-fold d i f f e r e n c e  between s t a i n l e s s  s t e e l  s t r i p  d a t a  c o l l e c t e d  
i n  t h e  YlOB on 7-22-70 and 7-27-70, 
A samgle of microorganisms Prom insonated  s t a i n l e s s  s t e e l  s t r i p s  w a s  
i s o l a c e d  and i d e n t i f i e d .  These r e s u l t s  are presented  i n  Table 3. It was 
ev iden t  t h a t  t h e  frequency with which c e r t a i n  types of organisms q p e a r e d  
on s t a i n l e s s  s t e e l  s t r i p s  d i f f e r e d  from t h a t  observed on t h e  f i l t e r s .  
This  w a s  n o t  unexpected i n  view of the d i f f e rences  i n  r e s i s t a n c e  of 
va r ious  types of  nlicroori;anisms t o  prolonged exposure i n  t h e  micro- 
environment of a  s t a i n l e s s  s t e e l  s t r i p  su r f ace ,  However, a s  a  crude 
measurement system t h e  menibrme f i l t e r  has  some va3,ue i n  t h a t  it r e f l e c t s  
t h e  major components of t h e  mic rob ia l  popula t ion  on s t a i n l e s s  s t e e l  s t r i g s .  
To de t e rx ine  whether t h e  frequency of  occurrence of va r ious  types  o f  
n ic roorgmisms on a d i r ec t -p l a t ed  membrane f i l t e r  w a s  a f f e c t e d  by inson- 
a t i o n  of  t he  f i l t e r ,  a sample of orgznisms was i d e n t i f i e d  f r o m  d i r e c t -  
plated f i l t e r s  c o l l e c t e d  a t  t h e  same time as t h e  insonated  f i l t e r s ,  
These r e s u l t s  a r e  presented  in Table 4, In  bo th  l o c a t i o n s  a r e l a t i v e  
;-:1CrZ;?13 .:., - "  -!..--," -:A-p :,, p e c > . - ~ .  ,< ii, oi\:l~n:~;;orefor.iir,r" Grlilr+posit,ive roc:; =id a 
i',ee;-ccc;- ir? +kc  C;.c.r;~-.pi;oc;Ltivc cocci :.:CLS O ~ S Q T V ~ ~ ~  This change ~ a 3  
-, . ., -".' < ,+.. . 3 s: .,.-. , 3 ,:.'hesc da-t,a s t l~peskcd  Z;ha"c,li_ Qrpes 
. - 
o~c..eyooy-;;~~clcc: L:2c :lot ul-,i"oi-v-'r - -. LL~; 4.:-4-  a i b u t e 2  ~ ~ ~ ~ a n g  s i r 3 o r c e  v i  z31e 
-. , ,k s i i c l . e s ,  ';'hcl'ej-ore, i z s o n a t i  on or:' the f i l . t e %  w i " c  t h e  resu l t in i - ,  i)re&up 
of - c r t i e i e s  resi~xtcc?. a rt:ol-e acc;;ratr: rficn,suremezl,& of frequency 
with w'i-lich each type  of a ic roorgmisn!  occurred,  
Pa e ;mcr isen t  .ibrss conducted t o  dctel-n?inc whether d i f f e r ences  i n  t h e  fLow 
r z t c  n-, which r.c~r'brme f i l t e r  f ie j ,& monitors opera te  r e s u l t  i n  d i f f e r e n t  
valucs fox- ti;c cocccn4;ration of a i rborne  v i a b l e  p a r t i c l e s ,  On each of 
12 days s ix saaq le s  .irere c o l l e c t e d  a t  a f 3 . o ~  r a t e  of l / 2  CFM while  18 
sar?.plcs Irere c o l l e c t e d  simultilneously' i n  t h e  s m e  a-ea at a f l o x  r a t e  
of 1 /6  GFP.1, Each f i l t e r  sampled a t o t a l  o f  30 f t 3  of a i r ,  The r e s u l t s  
a r e  presented  i n  Table 5 ar~d show t h a t  no  s i g n i f i c a n t  d i f f e r e n c e  w a s  
observed between t h e  mean r e s u l t s  of t h e  two sampling procedures. 
Wo membrane f i l t e r s ,  one 0,115  micro^ pore s i z e  and one 0.8 micron pore 
s i z e ,  werc conpared f o r  t h c i r  abi1iCy t o  recover  microorganisms from air. 
The r e s u l t s   able 6 )  showed t h a t  a l t h o u ~ h  t h e  mean recovery va lue  f o r  
t h c  0-8-micron f i l t e r s  was c rea t e r  than t h e  va lue  f o r  0.4~-micron f i l t e r s ,  
t h e  d i f f e r e n c e  was no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The O,&micron f i L t e r  
was %hen compared wi th  the  Reyniers s L i t  a i r  sampler. Two Reyniers 
sa~: .g le rs  8n.d one manifold were p laced  ad jacen t  t o  each o ther  a d  run 
5, I , , ~ l t m e o u s l y ,  n- The 0,8-micron f i l t e r s  were l e s s  e f f i c i e n t  than  t h e  
Reyniers a i r  s a r q l e r  f o r  recovering microorganisms ('Table 7 ) ,  Tlne 
d i f f e r ence  w a s  considered t o  be s i ~ q i f i c a n t  ( ~ < . 0 5 ) ,  These r e s u l t s  were 
s i c i l a r  t o  t hose  obta ined  when a O,h5-micron f l l t e r  was compared t o  t h e  
Reyniers a i r  smrqler  (Q3 31 1 , Although t h e  membrane f i l t e r  method 
recovered 25% fewer v i a b l e  p a r t i c l e s  t han  t h e  Reyniers sampler i n  'che 
c l e m  room environment of  t h e  ?"SOE, it might be of va lue  a s  an index of 
t h e  leveLs of  v i a b l e  pwticulti"ce contanina t ion  i n  an environment where 
t h e  use  of a Reyciers  a i r  sanp le r  i s  r e s t r i c t e d ,  The types of  micro- 
o r ~ ; m i s a s  i s o l e t e d  and i d e n t i f i e d  from samples c o l l e c t e d  by both met'nods 
were siziler (QR 31) .  
S tudies  were i n i t i a t e d  t o  determine t h e  maximum t ime a s ix-s tage  
Ar.2crsca sampler could be opcra ted  -~rlthou"cdesiccation of t h e  agar  and/or 
s u b s e q u e n t l o s s  of v i a b l e  microorgmisms, Two samplers c a l i b r a t e d  t o  
draw 1 CBM of a i r  were run f o r  30 min s i d e  by s i d e  i n  t h e  in t r amura l  
enviroan:cat of  t h e  labore tory  (66% R,H,  and 76 F) , One sampler was 
selectee?. a s  s c o n t r o l ,  s topped,  and t h e  p l a t e s  were incubated at 35 6, 
?:he o the r  sampler ,  desipna-iced a s  t h e  t e s t  sampler,  was momen"cily 
stopped, nioved t o  a laminar flow clean bench and r e s t a r t e d ,  Af t e r  
ru%?ia; l h r  i n  t h e  cLem beach, p l a t e s  were removed and incubated a t  
35 C, 'i-zb1.c 8 shovs  he r e s u l t s  pb'cained, No s lgn i f i c&? t  d i f f e r ence  
\:as ~-0sc_tved between t o t a l  p l a t e  c o t l ~ l t s  from t h e  two stmplers ,  I n  a 
seconc ;ctlcy9 t h e  t e s t  s axp le r  was ran f o r  3 h r  i n  t h e  j lminar  fLox 
c l e ~ ?  3ezc-i ~ 2 d  then move& t o  a s a ~ p l i 3 ~  ;ires. f o r  a I-hr ----- A UL i n  p a a i l e l  
. . 
-,.r;-i,:; a co:;."cm.i::. si::;~icr, The rcskrl,ts ;.re shcrm on r,l'abi,Lr: 3, Arqain 
' . 
s:~;~;;.:i'ic,-,.tlL dl.ii'erezacc was noted evi:i? t h o z l ~ h  a% t ines t h e  tigar on the 
1- : .- ,. - . <: ; ,. *. ., c17- -i;,r* ;;esj; ' \r""'c- 
. - , , .... ,:i.,,;;:~~.-r trss cicxc~ecb ciue t o  iiesiccishtion, Fx~r the r  
. "  
-" .Lt rJ e r c  i n  ;protq-ess t o  observe t h e  e f f e c t s  of  incorporat inl ;  oiyd 
eA\--(r? . , A . v d  .'"c- Ase 2acosnrn ,baLol in the :;;ec!ium to retard desiccceLion, 
. . .  b s ,  'l'iii Z - L L ~ ~  11-ilt:~~~i. t o  e~dLutl'Ge e c ~ i i ~ i n  aspec ts  of  %he swab-rinse tech- 
r iqcc .irds continued during t h e  p a s t  q u a r t e r ,  T h a t p o r t i o n  of  t h e  stufiy 
a e s i  <nod t o  cie-ccrmine t h e  mcm per  c e n t r e m o v a l  and recovery- of na"curul.ly 
occuri-in6 rcicroor~iv~isrns Troni s u r f a c e s  f o r  each of s e v e r a l  "experienced" 
ind iv idua l s  m d  t h e  v a r i a t i o n  a s s o c i a t e d  wi th  t h e s e  mcan va lues  was coa- 
p le tod ,  The rnethodolo~y tras descri'ocd i n  Q,Fi 31. Rcsu l t s  of t h i s  rjortion 
of  he study a r e  presen.teu i n  Table 20, It was evident  t h a t  l i t t l e  o r  
no d i f f e r e n c e  e x i s t e d  between $he rriem va lues  of rerr.ova1 achieved by t h e  
th re?  ind iv idua l s ,  Furthermore, t h e  c o e f f i c i e n t s  of v a r i a t i o n  of t h e  
removal vs lues  were remarkab&y s i m i l a r  Lo t h e  t h r e e  i n d i v i d u a l s ,  The 
mean values of pe r  cent  recovery were a l s o  q u i t e  sirtdlar, as were t h e  
coefCic ien ls  of' v a r i a t i o n  a s s o c i a t e d  wi th  t h e s e  means. A s  sug,qested i n  
t h e  l a s c  r e p o r t ,  t h e  g r e a t e r  c o e f f i c i e n t  of v a r i a t i o n  observed f o r  
r e c o v e r -  va lues ,  when compared wi th  those  f o r  removal va lues ,  i nd ica t ed  
t 3 a t  sorse f a c t o r  o t h e r  t h m  t echn ic i an  v a r i a t i o n  was r e spons ib l e  f o r  t h e  
incons is tency  of recovery from s t r i p  t o  s t r i p ,  
S t n k i s t i c a l  t e s t s  de te r~nined  t h a t  s i g n i f i c w t  d i f f e r e n c e s  d i d  not  e x i s t  
between e i t h e r  t h e  removal or recovery values of t h e  t h r e e  i n d i v i d u a l s ,  
F w t h e r  t e s t s  showed recovery and renova1 values t o  be independent of  
t h e  concentrcti.on of  microorganisms on -the s"c iys ,  which ranged from 46 
t o  407 pe r  4 - s p i n  a rea ,  Accordincly, it was f e l t  t h a t  t h e  coabined 
r e s u i t s  from t h r e e  i n d i v i d u a l s  could be used t o  c a l c u l a t e  v a l i d  mean 
vs lues  f o r  i nd iv idua l s  experienced i n  t h e  use of t h e  swab-rinse technique,  
These mean values were used a s  a b a s i s  f o r  comparison wi th  values 
o b ~ a i n e d  i n  subsequent a spec t s  of  t h i s  s tudy,  
The second phase of t h i s  s tudy  was designed t o  determine whether i n a l -  
vic?uels w i th  no experience us ing  t h e  stiab-rinse technique achieved 
s ignLf i can t ly  d i f f e r e n t  r e s u l t s  than "experienced" ind iv idua l s .  Indi-  
v iduz l s  represei i t ing a v a r i e t y  of occupations and t r a i n i n g  were asked 
t o  p w t i c i p a t e  i n  t h e  s tudy  provided they  had never prev ious ly  used 
t h e  swab-rinse technique,  The purpose of t h e  experiment was explained 
-LO each Ind iv idua l  and a b r i e f  d e n u i s l r a t i o n  of t h e  technique  was given, 
The i n d i v i d u a l  ves  t hen  permi t ted  t o  p r a c t i c c  t h e  technique on a s i n g l e  
s t r i p ,  The p r a m i c e  2e r iod  was acconpenied by f u r t h e r  i n s t r u c t i o n s  and 
co r r ec t ions  of technique,  Each i n d i v i d u a l  then  swabbed f o u r  2" x 2" 
s t r i p .  A l i  o the r  laborccory procedures and the a n a l y s i s  of  d a t a  were 
idcn t i caL  t o  t hose  descr ibed  f o r  t h e  tqexperienced" i n d i v i d u a l s ,  
fi + b ~ b a L  J- of 30 !I ~ n e x ~ c r i e ~ e e d "  , i n d i v i & ~ d s  p a r t i c i p a t e d  i n  t h e  stuQy. The 
r e z u 1 ~ s  of " cis ' s";.;&;f are cox2ared 7.rLth -the r e s u l t s  of "ibe "chree "exper- 
i enc rc"  f ~ $ i v L + ~ e ~ s  i n  Tzblc 11, 25 : '7~s f o t t ~ d  t h a t  t h e  removal r a k e  of 
'l 
' .  31,, ~c!:icsed by tk,e "'i:,e;speri cncei!" iricbivid~:a:.s vas 3 i ~ n ~ f i  Loves 
tilr;; tn- rcte ai" 91:: :or i ' k i z  "cexcrl .nccdu ' r a p ,  lr,tercs^Lln[~l;-, tnc 
I t  . 
recc;vcr:p re te  05 62;: Coy thc ~ n e : c ~ c ~ * i c ~ ~ c c a " "  yroup vcs four~d. to be sic- 
i;if ' lco.i~il; j  h igher  -chw the r a t e  of 43,; f o r  C h c  "e:rl?erienceil" hindivirjuals 
(P<,ooc~), Lt a l s o  >ras observid that t h e  c ~ e f f i c i e r ~ t o f  v a r i e t i o n  f o r  
the re,,oval value achieved by t h e  " iL~experienceu ' I  Group was t v i c e  
of t h e  "experiencedt' grcup, ind ica t i ins  l e s s  consis tency i n  t h e  perfornance 
of tile "inexperienced" ind iv idua l s ,  Iiowever, l i t t l e  &ifferer ice w a s  
observed betxreen t h e  c o e f f i c i e n t  of v a r i a t i o n  of t h e  recovery va lues  f o r  
t'ne t w o  poups, This  obscrvrz'cion su;~por-ts t h e  sugges t ion  t h a t  t h e  
v a r i a t i o n  i n  recovery i s  r e l a t i v e l y  independent of and much g r e a t e r  than  
t h e  v a r i a t i o n  i n p a r t e d  i n  t h e  swabbing procedure, 
It was found t h a t  t h e  "inexperienaed" group could be  f u r t h e r  d iv ided  i n t o  
two comparably s i z e d  groups on t h e  b a s i s  of l abo ra to ry  experience.  
A L a b o r s ~ o r y  Group of 16 cons i s t ed  of  i nd iv idua l s  whose day-to-day 
t a s k s  involved t h e  perf  ormaace of microbio logica l  o r  chemical procedures. 
The nonlaborat  oqr  group of 14 cons i s t ed  of i nd iv idua l s  performing o the r  
t a s k s  such a s  o f f i c e ,  riiaintenance a d  animal. ca re  procedures ,  Table 12  
compares t h e  r e s u l t s  achieved by t h e s e  two groups, It was found t h a t  
t h e  "inexperienced" nonlaboratory workers had a lower removal, r a t e  with 
a hiifner c o e f f i c i e n t  of v a r i a t i o n  t h a z  d i d  t h e  "inexperienced" Laboratory 
worker group. It was a l s o  noted t h a t  t h e  recovery r a t e  f o r  t he  nonlab- I 
ora to ry  group w a s  h igher  than  t h a t  for t h e  labora tory  group while  t h e  
c o e f f i c i e n t  of v a r i a t i o n  f o r  recover-- values showed no  c o n s i s t e n t  pa t t e rn .  
The observa t ion  of i nve r se  c o r r e l a t i o n  between removal and recovery r a t e s  
was f u r t h e r  t e s t e d  t o  determine whether it was s i g n i f i c a t  o r  simply an 
= t i f a c t ,  A s t a t i s t i c a l  t e s t  f o r  rajlk c o r r e l a t i o n  between t h e  30 removal 
values and t h e  30 recovery va lues  achieved by t h e  t h r e e  "experienced" 
ind iv idua l s  w a s  performed. An inve r se  c o r r e l a t i o n  between t h e  va lues  
was found t o  be s i g n i f i c a n t a t  t h e  957; l eve l .  A s i m i l a r  t e s t  w a s  a p p l i e  
t o  t h e  removal and recovery va lues  f r o n  t h e  30 "inexperienced" i n d i v i d u a l s  
and again  t h e  c o r r e l a t i o n  w a s  i nve r se  and s i g n i f i c a n t  a t  t h e  98% l e v e l .  
No s u b s t s n t i a l e d  explana t ion  can be  o f f e r e d  f o r  t h e  consis tency wi th  whic 
high renloval va lues  a r e  a s s o c i a t e d  wi th  low recovery va lues ,  
I n  response t o  i n t e r e s t  expressed by personnel  at t h e  J e t  Propulsion 
Laboratory a s tudy  was designed conducted t o  determine whether swab- 
b ing  a s u r f a c e  wi th  a dry  co t ton  swab r a t h e r  than  a moistened co t ton  
swab s i ~ n i f i c a n t l y  a f f e c t e d  removal and recovery r e s u l t s ,  TWO "experi-  
enced'' i n d i v i d u a l s  each swabbed f i v e  s e t s  of s i x  2" x 2" s t r i p s  u s ing  
dry co t ton  swabs, Experimental procedures and d a t a  axrialysis were sirnilax 
t o  those  previous ly  descr ibed  f o r  svabbing s t u d i e s .  The r e s u l t s  achieved 
wi th  dry strabs a r e  corflpared w i t h  r e s u l t s  achieved by "experienced" 
individusLs us ing  moisLened swabs (Table 1 3 ) '  The removal va lue  of 95% 
f o r  d ry  swzbs was s i g n i f i c s n l b  higher than t h e  91% f o r  moistened swabs 
(P<,o~), Eowever, t h e  recovery rate of 38% f o r  dxy swabs w a s  no% 
i ; i g n i f i c m t l y  lower t h a n  tine r a t e  of 437; for rnoir;?;encd swabs, Tncrse- 
fore, for gurposes of tstirnn%inf5 m i c r o b i s h  contc,mina-tion Levels on 
surraccs cxposcd to ail-borihc falLouL, it u o l ~ l d  mpe5a.r that the dry 
swabbinp technique woi l ld no t  produce s i g i a i f i c m l l y  different r e s u l t s  
than zlle stwidamd techniciue, Ihwits noted that the cocfficienb sf 
varintion for both removal and recovery were lover f o r  d s t j  swab'ss Clan 
f o r  moistened swa;bs, sugges t ing  g r e a t e r  cons is tency  wi th  t h i s  technique,  
5 .  Durinq t h e  p a s t  q u a r t e r  assays f o r  b u r i e d  microbial contamination were 
completed on f i v e  types  of e l e c t r o n i c  p i ece  p a r t s  designed and manu- 
f ac tu red  f o r  use  i n  spacec ra f t ,  Langley Research Center provided 50 
u n i t s  of each component type ,  a long wi th  a general, d e s c r i p t i o n  of t h e  
manufacturing process  and h e a t  h i s t o r j ,  Each type  of component w a s  
t e s t e d  f o r  i t s  a b i l i t y  t o  f r a c t u r e  uniformly s i n c e  such f r a c t u r e s  per- 
m i t  the use of a mic rob ia l  concent ra t ion  e s t ima t ion  technique developed 
at t h i s  l abo ra to ry  (QR 18-21), It was found t h a t  only one of t h e  f i v e  
types would c o n s i s t e n t l y  produce uniform f r a c t u r e  su r f aces .  A second 
type  occas iona l ly  prodtxed uniform f r a c t u r e  s u r f a c e s  and components of 
t h i s  t ype ,  a long  wi th  t h e  remaining t h r e e  types  of  components, were 
assayed i n  ways s p e c i f i c a l l y  designed f o r  t h e i r  r e s p e c t i v e  s t r u c t u r e s .  
The component t h a t  f r a c t u r e d  uniformly was a cy l ind r i caL  fixed-compositi  
r e s i s t o r  weighing 2.2 g and having a volume of 0,8 mm3, The p a r t  i s  
manufactured us ing  a h o t  molding process  which maintains  a temperature 
of 125 C f o r  s e v e r a l  seconds, F i f t y  r e s i s t o r s  were s u r f a c e - s t e r i l i z e d  
by exposure t o  a 2% s o l u t i o n  of p e r a c e t i c  ac id  f o r  1 5  min, Ten r e s i s -  
t o r s  were t e s t e d  as su r f ace  contamination c o n t r o l s  by p l ac ing  them i n  
i n d i v i d u a l  t ubes  of  TSB and incubat ing  f o r  20 days at 32 C, A l l  tubes  
were negat ive  f o r  growth at t h e  end of t h i s  per iod ,  One tube  was then  
t e s t e d  f o r  t h e  presence of i n h i b i t o r y  subs tances  by i n o c u l a t i n g  with 
approximately 1 x l o 2  spores  of  and again 
incubat ing  a t  32 C ,  Turbid i ty  t e remain- 
i n g  40 r e s i s t o r s  were a s e p t i c a l l y  broken i n  h a l f  u s ing  s t e r i l e  c r e scen t  
wrenches, and each r e s i s t o r  h a l f  w a s  p l aced  i n  a t u b e  of TSB and incu- 
ba t ed  f o r  20 da3rs a t  32 C. No growth was de tec ted  i n  any of  t h e  tubes.  
Knowing t h e  p ropor t ion  of f r a c t u r e d  components t h a t  was p o s i t i v e  f o r  
microbia l  growth and t h e  area exposed by f r a c t u r i n g  it was p o s s i b l e  
t o  e s t ima te  t h e  concent ra t ion  of microbia l  contamination i n  t h e  r e s i s -  
t o r s ,  Using t a b l e s  prepared by Exotech, t h e  95% upper and lower con- 
f i dence  bounds of t h e  e s t ima te  based on t h e s e  d a t a  were ca l cua ted  t o  
be 5,7 x l o3  and 0.0 organisms per  cubic  i nch  of m a t e r i a l ,  r e spec t ive ly ,  
The second type  of component occas iona l ly  producing a uniform f r a c t u r e  
w a s  a semiconductor r e c t i f i e r  weighing 2.6 g and having a volume of  
l . 4  mm3# This component is i n j e c t i o n  molded from a b a k e l i t e  type  m a t e r i  
at approximately 95 C ,  Diodes embedded i n  t h e  bakeLi te  body experience 
a nmuf a c t u r i n g  h e a t  of $80 C. The exac t  d ~ i s a t i o n  of exposure t o  t'nese 
temperatures  i s  n o t  known, Ten mits of t h i s  component were subJec ted  
t o  t he  s u r f  ace  s t e r i L J  zattlon wid verkf ici;ttiun psocedue desc r ibed  
e ;u*l ie r ,  1% w ~ ?  possiblc to :ie'nieve 8. uniforrr, SZir8,ct~re In LO of "the 
rcailiininty b 0  u n i t s ,  Thcse f r a c t u r e d  units were processed i n  a Eianner 
identical -i;o tlznt for t h e  res i s tors ,  No ~vrocrt!~ jras ic"cc"ccd cind tne upper 
and lower '357; confidence bounds f o r  ihe rniclro"f,i&1 concea"crritior; in "rJi~1.se 
I, p a r t s  was es t imated  a% l , O  x LO and 0-0  orgaxisms per  cubic i n c h ,  respec- 
t i v e l y , ,  Each of t h e  rerliainirig 30 u n i t s  was ascpt ic r r l ly  p u l l ~ e r i z e d  in a 
P i c a  b l ende r  m i l l  f o r  l min. The r e s u l t i n g  powder was p laced  i n  a tube  
and 20 mL of s tandard  r i n s e  s o l u t i o n  was added, The tubes  were vor texed  
and then  insonated  f o r  2 min, and t h e  tubes  were allowed t o  s t and  f o r  
3 h r  t o  permit  s epa ra t ion  of t h e  powder and t h e  r i n s e  s o l u t i o n ,  Ten 
m i l l i l i t e r s  of r i n s e  s o l u t i o n  were trithdrawn and p l a t e d  i n  s i n g l e  s t r e n g t h  
TSA i n  150 mm d i a  p l a t e s ,  Ten m i l l i l i t e r s  of double s t r e n g t h  TSB were 
added t o  t h e  tube  conta in ing  t h e  powder and remaining r i n s e  so lu t ion .  
A l l  tubes and p l a t e s  were incubated  f o r  20 days a t  32 C, at which time 
they  were observed f o r  evidence of microbia l  growth. One colony was 
de tec t ed  on one TSA p l a t e .  I s o l a t i o n  and subcu l tu re  of t h i s  colony w a s  
extremely d i f f i c u l t  although a v a r i e t y  of  techniques and media were used. 
S u f f i c i e n t  ~ r o w t h  f o r  microscopic e x ~ ~ i n a t i o n  was f i n a l l y  achieved and 
t h e  organism was c l a s s i f i e d  as a Gram-positive rod  wi th  no evidence of 
spore formation,  Biochemical t e s t s  were no t  successEul  because of  l a c k  
of growth. ALL o the r  p l a t e s  and tubes from t h e  30 components assayed 
were negat ive .  
A t h i r d  type  of component t h a t  could n o t  be  uniformly f r a c t u r e d  a l s o  was 
assayed us ing  t h e  pu lve r i za t ion  technique descr ibed  above, This cornpo- 
n e n t  w a s  an a d j u s t a b l e  core c o i l  form weighing 7.8 g a d  having a volume 
of 4.0 m3, The component i s  hot-molded a t ,  180 C from a nylon-like 
m a t e r i a l ,  Surface s t e r i l i t y  t e s t s  were nega t ive  f o r  growth as were a L 1  
p l a t e s  and tubes  from t h e  40 u n i t s  t h a t  were pulverized.  
A f o u r t h  type  of component was a f i x e d  wire-wound " r e s i s t o r  weighing 4,8 g 
and having a volume of 2.5 mm3. This component cons i s t ed  of two wire  
c o i l s  t h a t  were machine wound i n  an open f a c t o r y  a r e a  and subsequent ly 
p o t t e d  i n  epo<xy a t  approximately 65 C f o r  4 t o  8 h r ,  B~enty-seven  com- 
ponents were disassembled us ing  s t e r i l e  hand t o o l s  and employing s t r i c t  
product  p r o t e c t i o n  techniques i n  a h o r i z o n t a l  laminax flow bench l o c a t e d  
i n  a v e r t i c a l  laminar  flow c lean  room, Each disassembled component was 
placed i n  a beaker  conta in ing  150 m l  r i n s e  s o l u t i o n ,  The beaker  w a s  
i n sona ted  f o r  2 min and t h r e e  50-ml po r t ions  of r i n s e  s o l u t i o n  were 
p l a t e d  i n  double s t r e n e t h  TSA i n  l5O mi: d i a  p l a t e s ,  Af t e r  removing t h e  
r i n s e  s o l u t i o n  t h e  p i eces  were submerged i n  250 m l  of TSB, P l a t e s  and 
beakers  were incubated  f o r  20 days at 32 C. A l l  s u r f a c e  s t e r i l i t y  t e s t s  
were nega t ive  f o r  growth a s  were a l l  beakers  and a lL  b u t  two TSA p l a t e s ,  
One su r f ace  colony appeared on one g o s i t i v e  p l a t e  a r ~ d  t h e  organism tras 
i s o l a t e d  and i d e n t i f i e d  as a sp ,  Bro submerged co lonies  appease 
on a second p l a t e ,  Kowever, t h e  same d i f f i c u l t i e s  were experienced i n  
s u b c u l t w i n g  t h e s e  co lonies  as were descr ibed  e a r l i e r ,  Microscopic 
e x m i n a t i o n  of t h e  s c m L  growth achieved, i n d i c a t e d  bo th  organisms were 
nonsporef orming Gram-positive rods,  
Thc f i f % h  type  of cs r~~ponent  was a ~ 1 y l . u  cr~paciCor weilfning 3-5 c aria 
having a volruns of 2,2 mm3, This carr.ponen'r; cons i s t ed  of mylar and 
alu~~inun f i l m s  rolled into u eylindel- w i t h  a glns"cic tape outer coating 
and s o l d e r e d  ends. Production was in an open fac to ry '  area, and the car+- 
ponen.i;s :sere licit sti_bJected to heat  at any t i n e ,  Assgys of t h e s e  ~ ~ ~ i ~ s  
were conducted in s mmner similar t o  t h e  d i s a s s e ~ b l y  p roccdwe  aesc r ibed  
previous ly ,  Surf ace s t e r i l i t y  tes ts  were nega t ive  f o r  grojrth, TIrenty- 
seven capac i to r s  were assayed and one TSA p l a t e  had a s i n g l e  submerged 
colony. Subcul tur ing  of t h i s  colony a l s o  proved d i f f i c u l t ,  and micro- 
scopic  examination i n d i c a t e d  it w a s  s nonsporeforming Gram-positive rod, 
Five TSB beakers  showed v i s i b l e  t u r b i d i t y  and subcu l tu re s  of t h e  growth 
showed two beakers  with b a c i l l i  , one wi th  a coccus, one wi th  a mold and 
one an actinoniycete. The component t h a t  produced one colony i n  TSA w a s  
nega t ive  i n  TSB. It was considered of i n t e r e s t  t h a t  t h e  one type  o f  
component having no h i s t o r y  of  h e a t  i n  i t s  product ion process  produced 
t h e  most p o s i t i v e  samples, 
I n  t h e  l a s t  q u a r t e r l y  r e p o r t  (QR 31) r e s u l t s  of  t e s t s  of t h e  e f f i c a c y  of 
t h e  s tandard  p e r a c e t i c  a c i d  decontamination procedure showed t h a t  40% 
of t h e  experimental ly  contaminated p i ece  p a r t s  remained contaminated 
a f t e r  t rea tment ,  It was suspected t h a t  t h e  concent ra t ion  of t h e  s tock  
p e r a c e t i c  a c i d  had d e t e r i o r a t e d  wi th  time. A new supply of  a c i d  w a s  
ob ta ined  and compared t o  t h e  o l d  a c i d  us ing  fou r  d i f f e r e n t  types  of  r e s i s -  
t o r s  exper imenta l ly  contaminated t o  a l e v e l  of 1 x l o 5  spores  per  p a r t ,  
The r e s u l t s  of  t h e  f i rst  comparison a r e  presented  i n  Table 14 and demon- 
s t r a t e d  t h a t  t h e  new a c i d  was more e f f e c t i v e  than  t h e  o l d  a c i d  b u t  s t i l l  
f a i l e d  t o  decontaminate 32% of t h e  p a r t s  t e s t e d .  
The t e s t  was r epea t ed  us ing  a con tac t  t ime of LO min, twice  t h e  s t anda rd  
5-min con tac t  t ime,  The a d d i t i o n a l  contac t  t ime r e s u l t e d  i n  g r e a t e r  
e f f e c t i v e n e s s  as shown i n  Table 25, b u t  14% of t h e  p a r t s  remained con- 
taminated i n  t h e  new acid.  I t w a s  a l s o  noted t h a t  c e r t a i n  types  of  
r e s i s t o r s  were more l i k e l y  t o  be p o s i t i v e  than  o thdr  t ypes ,  sugges t ing  
some p r o t e c t i v e  e f f e c t  a s s o c i a t e d  'with t h e  type  of s u r f a c e  on which t h e  
contarxination was deposi ted,  The r e s u l t s  of t h e s e  t e s t s  re-emphasize 
t h e  n e c e s s i t y  f o r  r e g u l a r  use of  s u r f a c e  s t e r i l i t y  c o n t r o l s  i n  experi-  
ments concerned wi th  b u r i e d  contamination. 
Exposure of Microor&paisms per  v iab le  i t i ~ r o o r g ~ i s n s  per  
Date SS s t r i p s  p a r t i c l e  on s t a i n l e s s  v iab le  p a r t i c l e  on 
sampled (days)  s t e e l  s t r i p s a  membrane f i l t e r s b  
. . 
6-2 4-70 16 4.37 1.36 
6-29-70 7 7 "99 4.67 
6-30-70 8 7.64 15 . 31 
7-1-70 9 19.73 2.58 
Me an 7.67 3 42 
Coeff ic ient  of v a r i a t i o n  7 3% 9 4% 
Means a r e  s i g n i f i c a n t l y  d i f f e r e n t  T = 2.778 
a Average of six s t r i p s  per  day 
Average of n ine  f i l t e r s  per  day 
Exposure of 1.licroorganisrns pcr viable iviicroor~eriicns per  
Date SS s t r i p s  p a r t i c l e  on s t a i n l e s s  v iable  particle on 
sampled (days)  s teel .  s t r i p s a  mernbr a ~ e  f i l t e r s b  
8-4-70 8 ~ ~ 9 8  ~ 6 ~ 5 3  
Ne an 7.22 6,go 
Coeff ic ient  of v a r i a t i o n  100% TO$ 
Means a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  T =: 0,120 
a  Average of  s i x  s t r i p s  pe r  day 
Average of n ine  f i l t e r s  per  day 
T B L E  3. FREQmIiCY OF OCCURREXJCE OF TYPES OF MICROORGAXISiG IDEI?TIFIED FROM IMSOI'JATED fElLE33AitE _"II,TEZS 
AND STAIFLESS STEEL STRIPS, 
Spacec ra f t  Bioassay Laboratory ~.ISOB~ 
---- v -- **--am 
Types of SS s t r i p s  Membrme f i l t e r s  SS s t r i p s  
microc?-2-ganisms % % 5 % 
Nonsporcforrning Gsanl- 
p o s i t i v e  rods 4 4 , l  
Grac~-.posi t ive cocci  31,8 
Gra~r,negn-tive rods  0,2 0 - 3  0 -7  0 ~ 7  
GI ar -negat ive  cocc i  0,O 0,3 0.0 0,o 
ctinolsy c e k s  8-9  2,9 1.8 h e 1  
B?;iJ l u s  spp, 
**. " " *.- b a 
Td"ii3LE 4. FREQUENCY OF OCCUPBENCE OF n P E S  OF MICROORGATTISIS IDENTIFIED FRO14 DIRECT-PLATED IJIE~~~R~GI~;TS 
FILTERS AliD INSOILTATED 1,E'CBRATlE FILTERS. 
Spacecraf t  Bioassay L z 5 o r a t o r ~  ?BOB a 
- h & * ~ s ~ ~ ~ m " d s  
Membrane Membrane f i l t e r s  M e ~ ~ r a n e  Merr;orane filters 
f i l t e r s  insonated  f i l t e r s  insonated  
d % % Z 
Norisporeforming Gram- 
positive rods 
Grm-positive cocc i  41.2 
Gree~--ne ga t ive  rods 
Grarc-negative cocc i  
Date sampled ~ / 2  CFM flaw r a t e a  ~ / 6  CFM f i m  rateb 
Means axeno t  s i g n i f i c a n t l y  d i f f e r e n t  T = 0,599 
a Average of s i x  f i l t e r s  per  day 
Average of 18 filters per  day 

Date sampled Reyniers sarnpiera O,8-micrcn nerf~brarae liltep' 
Means a r e  s i g n i f i c a n t l y  d i f fe ren t  T = 2.l.15 
a Average of s i x  p l a t e s  per  day 
Average of 18 f i l t e r s  per day; 2J.c~ rate per filter 1/3 CF:6 
-, ~ a ~ _ _ I I I - - * * ~ - i - -  - -  -- 
Date sampled ~ o n t r o ~  czr21erb 
Me an 2.2 8 
Kerns are not significantly different T c- 0,245 
" i/2 hr out in room, L hr in lminar  flow bench 
i/2 hr out in room 
a, Hun 3 nr under 1arrina-r flow bench; i hr out i n  roox 
D 1 nr out in roan 
TAJILZ 10. COT~PAHISOli OF RCSiJLTS OBTAINED BY TBREE I I IDIVIDIJALS WITH S'~~-.SIIiSL. TECRiiICIJE; EX.-.L*'IL C... 
- . -%*w"- -m* ---* * -- -*h*- ->*Am-*- 
No, Mean Coefficient of vaiation 
Individual strips $ % 
- . R = % r a * * - . - ~ , . ~ . -  
Me m Con 
% c' /. 
Removal. 
No, P1e an Coefficient of variation 
Incil vS.ciua1 strips % n' /o 
Recovery 
------------- -m'b*L--R -.*- -- -- "S x-s. -"% % -% 
lbie an Coefficient of v a s i ~ t i o n  
% % 
Th3 J 2 C0;PkRLSOi i  OF RESULTS OBTAITJED BY L!C3OI,SIII'OP;II MJD NOI:LXBOFATORY PERSOi'iiiZL USIFIG TirF,  
S\>Jh-B-!llHSE TECHNIQUE 
No, 
S t r i p s  
Me an. Coefficient of variation 
% $ 
Ke an Coefficient of v3:ici.io-1 
G' 
P G t  l a  
TAB13 13. CO!PAHISOIt OF RZSULTS OF DRY SIIAI3 TECIINIQ'UE KlTH bIOISTZliED SitTAB TECiilJIQ,E. 
- - a 4 -=-a = ,a- &-'-"m-= =a> --* a* 
-*,&.-a -- - - m ~ - ~ - ~ ~ h , ~ ~ , - ~ c - - - - ~ ~ ~ - - ~ ~ ~ ~ - ~ ~ e . - ~ ~ *  --* 
r-7 i e chni que 
Do * 
s t r i p s  
Removal Recovery 
------P----v ---- ----=%+a,%awe&- * - "--**-. 
Ke an C o e f f i c i e n t  of v a r i a t i o n  Me an Coef f i c i en t  of verS  lion 
% ii: % $ 
I 4 COi"4PARISOX OF OLD PJJD NEW PER4CETIC ACID USLD FOR SURFP-CE DECOI1TAl~SITATIOiI OF ELI:C~'.!CIIIC 
PIECE PARTS--EXPOSURE TIME OF 5 IENUTES , 
Eew ac id  
* ' + x - & - * = * - - " " ~ m ~ T - ~ - - ~  
P a r t  Tio, tested Per cent positive 
Old ac2d 
-srr---*--+wZ-- -(^* 3." -4 m i x  81 
No, tested Per cent aositi-ve 
1 .d* .: le~e:! : I s loS si:olbes pcr  pa.%, 
ire;$ a c i d  
m*~,~-%:*"~r,.""*\.9 ~ . , ~ ~ " . ~ " a " L t % ~ - ~ ~ ~ * , , . z r w " , . ~ . " ~ - ~ , ~ ~ . . % , - ~ ~ . ~ > " # - ~ ~ - < < # ' e ~ . .  .*.,*v,m",.-- ,--, - *?" *&%= 
-- !;o, tested h i -  cent positive 
O l d  a c i d  
I_mwIYlrm~*-*"C.*.c.--~ 
KO, t e s t e d  P e r  c e n t  g.=ir.;.i.t,j-.se 
& 
Tkan level: L x 10' spores pe r  pa r t ,  
1 i XSC SOIL I f i  95; 2'1':i,J;3Lw 
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